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SECTION 15910 - DIRECT DIGITAL CONTROL SYSTEMS

SPECIFIER �S NOTE: Insert wording, numbers, etc. as appropriate where [italics in

parenthes is] are shown throughout this specification section.  Italicized words are used

for directions to the sp ecifier and shou ld be filled in.  Blue colored tex t are Notes to

Spec ifier an d shou ld be com pletely  deleted  from th e final te xt.  Red colored text is used

for items to be modified.  Maintain footer notation in italics with the current version used

(e.g. TG15910 v00.03).

SPE CIFI ER N OTE S:  This guide specification covers the requirements for direct digital

control (DDC) of heating, ventilating, and air conditioning (HVAC) systems.  The intent

of this specification is to provide a multiloop, stand-alone, and distributed digital control

system as manufactured by companies in the HVAC control field.  This control system

provid es contro l of all HVAC  control fun ctions.  An alog and  digital (bin ary, on/off,

open/close) control signals are input to microprocessor based digital controllers.  The

digital controllers perform the control logic and output analog and digital signals to the

HVAC  equipm ent.

This c ontrol s ystem  will hav e inter face po rts to allo w con nectio n to a ter min al, porta ble

compu ter, and a centr al site compu ter.  The interface eq uipme nt will not provid e day to

day co ntrol of th e HV AC sy stem , but it w ill allow th e oper ator to e nable  and d isable

equipment, change setpoints, change operating schedules, receive trends and alarms,

and allow uploading and  downloading of control programs .  This guide specification

can be u sed to acq uire a d irect digit al control sy stem th at consis ts of:

DDC of HVAC equipm ent with graphic operator work station.  The operator work

station can be located in the building (directly connected to a communications LAN)

or at a remote site (connected to the digital controller through a LAN or modems and

a telephone line).

The DDC systems should have laptop computers that may be taken to the mechanical

room  for dire ct conn ection  to the di gital con trollers .  

PART 1 - GENERAL

1.01 GENERAL REQUIREMENTS

A. Section  15050,  �Basic M echan ical Ma terials an d Meth ods, �  applies to this

section, with the additions and modification specified herein.

1.02 DEFINITIONS

A. BACnet - BACnet is a standard communication protocol under development by

the American  Society of Heating Refrigeration and  Air Conditioning Eng ineers

(ASHR AE).  The c ontroller ma nufacturer sh all have a com pany po licy to

support the  implem entation of BA Cnet.

B. Digital Controller - A control module which is microprocessor based,

programmable by the user, has integral I/O, and performs stand-alone

operations.

C. Direc t Digita l Cont rol (DD C) - A d igital co ntrolle r as de fined i n this d ocum ent. 

The controller directly senses building environment and makes control

decisions based on user defined, controller resident programs.  The controller

outputs control signals that directly operate valves, dampers, and motor
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controllers.  No conventional control devices, pneumatic or electronic, such as

receiver-controllers, thermostats, and logic units are present within or

interface with a direct digital control loop.  Actuators are electric or

pneumatic, and the controller output is converted to the appropriate type of

signal.

D. DDC  System - A system  made up of one or more digital controllers.  Required

climate control and energy management functions for complete operation of an

HVAC system are provided by DDC from digital controllers.  No conventional

control devices (pneum atic or electronic) such as receiver-controllers,

thermostats, and logic units are used.  Digital controllers in a system are linked

in a communication network composed of one or more levels of local area

netwo rks (LA N).

E. Distributed Control - The intent of distributed control is to install the

controllers near the equipment being controlled, and to distribute the

processing to each stand alone DDC panel.  The control system is built up of

stand-alone controllers, utilizing  sensor inputs and control outputs.

    

F. Dyna mic C ontrol - A  process  that optim izes oper ation of H VAC  system s (air

handler units, converters, chillers, and boilers) by increasing and decreasing

setpoints or starting and stopping equipment in response to heating and

cooling  needs o f down stream  equipm ent.  A req uirem ent of dy nam ic contro l is

knowin g the heating /cooling dem and status of dow nstream  equipm ent,

therefore dynamic control requires controllers connected in a communications

netw ork. 

G. Firmware - Firmware is software programmed into read only memory (ROM)

and erasable programmable read only memory (EPROM) chips.  Software may

not be changed without physically altering the chip.

H. Graphic Sequence of Operation - A drawing or graphic showing all interlocks

and co ntrol loop  sequen ces betw een the  input an d outpu t points.  G raphic

sequence of operation is a graphical representation of the sequence of

operation.  The graphic seque nce of operation will show all inputs, outputs,

and logic blocks.

I. Hand-Held Terminal - A hand-held terminal is a portable device, control

system manufacturer-specific, which can be connected directly to a

communications port on a digital controller and through which the digital

controller can be interrogated and, in some cases, programmed.

J. Input/Output (I/O) - I/O refers to analog inputs (AI), digital inputs (DI), analog

outputs (AO), and digital outputs (DO) in a digital controller.  Inputs are from

analog sensors (temperature , pressure, humidity, flow) and digital sensors

(moto r status , flow sw itches , switch  positio n, and  pulse  outpu t devic es). 

Outputs operate m odulating and on/off control devices.

K. I/O Unit - An I/O unit provides additional point capacity to a digital controller

and co mm unicate  with the  stand-alo ne digita l controlle r on LA N.  An I/O  unit

is not stand-alon e because th e control prog ram doe s not reside in the  I/O units

microprocessor.
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L. Integration - Th e ability of control syste m com ponents to h ave interope rability

between  different manufacturers to connect together and provide coordinated

control via real-time data exchange and control functions through a common

communications data exchange protocol.  Integration shall extend to the

operator �s workstation so ftware, whic h shall supp ort user interaction  with all

control system comp onents.  Methods of integration include ind ustry standard

protocols such as: BACn et, ARCnet,  LonM ark/LonTalk, OLE for P rocess

Control (OPC) or integrator interfaces betwe en cooperating m anufacturer �s

systems.

M. Local A rea Ne twork (L AN) - 

1. A commun ications bus that interconnects digital controllers for peer-to-

peer communications.  Different levels of LANs are possible within a

single DDC system.  In this case a digital controller on a higher level LAN

acts as  a netw ork co ntrolle r to the  contr ollers o n the lo wer le vel LA N. 

The n etwo rk con troller , then, h as at lea st two L AN c omm unica tions p orts. 

One port supports peer-to-peer communications with other digital

controllers on th e higher level L AN.  The  other port sup ports

communications with the digital controllers on the lower level LAN.

2. LANs  permit sha ring global inform ation, make  it possible to apply

buildin g wide c ontrol stra tegies suc h as pea k dem and lim iting, perm it

dynamic con trol strategies, allow coordinated response to alarm

conditions, and permit remote monitoring and programming of digital

controllers.

3. Faci lity-w ide LA N refe rs to a co mm ercial ly ava ilable l ocal ar ea ne twork . 

These LANs allow the connection to an existing or new facility-wide LAN.

N. Microprocessor - A microprocessor refers to the central processing unit (CPU)

that contains all the registers and logic circuitry that make it possible for

digital controllers to do computing.

O. Open Protocol Bus (OPB) - A pre-programmed communications integrator that

allows devices from one m anufacturer to comm unicate and interact with those

of another.

P. Open System Port (OSP) - A user programmable communications port that

provides the a bility to develop cu stom com munica tions processe s to integrate

other operating systems with the DDC System.

Q. Output Signal Conversion - Output signal conversion refers to the changing of

one kind of control output into a proportionally related signal appropriate for

direct actuation of the controlled device.  Signals are converted by a

transducer which may be external to the digital controller originating the

output.

1. Examples in modulating control of pneumatic actuators are conversion of

4-20 ma signals into proportional 3-15 psig signals.

2. An exam ple of output signal conversion in on/off or open/close control is a

contact closure originating in a digital controller which activates a

solenoid air valv e which p asses main  air, thereby forcing  a damp er to

open fully.
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R. Optimum Start - Optimum start is a method of starting the HVAC equipment

prior to  occu panc y time  in ord er to ha ve the  buildi ng at se tpoin t at occ upan cy. 

Optimum start shall be based on the zone temperatures, zone setpoints, and

outdoor temperature.  Optimum start will bring the zone to setpoint at

occupancy time.

S. Peer-to-Peer - Peer-to-Peer refers to controllers connected on a

comm unications L AN that a ct indepen dently, as equa ls and com munica te with

each other to p ass informa tion which  facilitates control.

T. PID - PID refers to proportional, integral, and derivative control; the three

types of action th at are used in c ontrolling m odulating eq uipmen t.

U. Resolution - Refers to the number of possible states an input value or output

value  can ta ke an d is a fun ction o f the dig ital con troller  I/O circ uitry; th e A/D

converter for input and the D/A converter for output.  Ten bit resolution has

1024 possible states and eight bit resolution has 256 possible states.

V. Stand-Alone Con trol - Refers to the digital controller being able to perform

required climate control, and energy management functions without

connection to another digital controller or central site computer.  Digital

contr oller re quire men ts for sta nd-alo ne co ntrol a re a tim e cloc k, a

micr oproc essor, m icroch ip resid ent co ntrol p rogra ms, P ID con trol, a

commu nications port for interfacing with and program ming the controller,

firmware for interrogation and programming, and I/O for sensing and effecting

control of its control en vironme nt.

W. Terminal Control Unit (TCU) - An off-the-shelf, stand-alone digital controller

equipped for communication on a lower level local area network.  TCUs may

deviate from stand-alone only in receiving energy management and time

information  from a stand  alone digital con troller.  A TCU  is comm only

application specific and is used for distributed control of specific HVAC

subsy stem s.  A TC U com mun icates  with th e digita l contr ollers.  T ypica lly, a

TCU communicates on a lower level LAN.  Examples where TCUs might be

used to control of small air handling units (AHUs), variable air volume (VAV)

boxes, fan coil units, and heat pumps.

X. Year 2000 Compliant - - means computer controlled facility components that

accurately process date and time data (including, but not limited to,

calculating, com paring, and  sequencin g) from, into, and b etween th e twentieth

and twenty-first centuries, and the years 1999 and 2000 and leap year

calculations.

SPECIF IER �S NOTE : If there is an existing DDC control system within the bu ilding or

at the facility, list the manufacturer and describe on the Drawings and Specifications,

the specific requirements for interfacing  with the existing DDC system. If there is an

existing DDC system and workstation, the new DDC system shall communicate with the

existing wor kstation.  The followin g paragrap h  �A � shall be edited by the  Consultan t.

1.03 DDC SYSTEM DESCRIPTION

A. OPERATO R INTERFAC E:     All new BACNET objects defined in this contract

will be mapped to the existing [ _______________________ ] (Trane Tracer or
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Johnson Controls , etc)  system user workstation.   The [Trane Co. or Johnson

Controls, etc] will perform all graphic creation and  point mapping  under a

separate contract from the State.   The successful bidder must provide

BACNET object definitions and equipment to PICS information to the [

______ ______ ______ _____ ] (Trane Co. or Johnson Control, etc).     Modifications of

the existing system shall NOT  reduce the existing systems � capabilities.

1.04 SUBMITTALS - Submit the following:

A. Manu facturer �s Catalog Da ta

1. DDC hardw are

2. DDC capabilities

3. Workstation software

4. Input devices

5. Output devices

6. Surge and transient protection

7. Laptop computer

8. Hand-held terminal

9. Panel mounted display and keypad

 

B. Equipment and software for which specification compliance data shall be

submitted include but not limited to the following:

1. DDC H ardware

a. I/O; capable of supporting platinum RTD, precision thermistor,  4-20

ma, 0-10 VDC

b. Programs will reside in microprocessor; controllers are stand-alone

c. Communications ports; all communications ports as specified

d. Protected memory; minimum  hours required by this specification

e. Operatin g temper ature limits

2. DDC Capabilities

a. Communications;   baud rate, communication ports, stand-alone

b. Trending;   capable of trending every point

c. Alarming;   capable of alarm generation as indicated

d. Messages; as indicated

e. Self diagnostics;   iden tification of a failed mo dule

f. PID control;   capable of PID control

SPECIFIER  �S NOTE:    Delete this paragraph1.04.B.3  if a Workstation Software

Package is  not part of the contra ct.

3. Workstation Software

a. Mouse and keyboard operation

b. Communications

c. Program upload and download

d. Dynam ic point upd ate

e. Program modification

f. Database modification

g. Graphics and graphics modifications

h. Penetration of graphics

4. Input Devices

a. Transmitters;   accuracy, 4-20 ma, 0-10 VDC

b. Temperature  sensors;   accuracy, stability, 100 percent factory

screening, platinum RTD or thermistor
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c. Hum idity sensors;   type o f sensor, accura cy, range, and  stability

d. Pressure sensor;   accuracy

e. Flow or motor proof;   type

f. Sensor wells;   type

5. Output Devices

a. Dampers; types

b. Valves; types

c. Actuators.

d. Control Relays

6. External Surge and Transient Protection

a. Power line

b.  Comm unications links and/or devices  (between b uildings)

C. Drawings - Subm it the following drawings:

1. Contro l system  schem atic

D. Design Data -   Submit test data demonstrating the following installed

com pone nts w ill mee t spec ificatio n req uirem ents.  

1. Temperature sensor accuracy - Submit manufacturer specification of

temperature sensor accuracy.  Literature shall make clear sensor

accuracy as specified.

2. Temperature sensor stability - Provide manufacturer specification of five

year stability of RTDs and thermistors.  Literature shall make clear

sensor stability as specified.

E. Schedules

1. List of shop drawings

2. List of symbols and abbreviations used on shop drawings

3. List of I/O points -  For each input and output physically connected to a

digital controller provide, on a controller by controller basis, provide the

following:

a. Point description:   for example: mixed air temperature, supply fan

start/stop, etc.

b Poin t type:   A O, AI, D O, or D I. 

c. Point range:   4-20 ma, 3-15 psi, platinum RTD resistance ohm,

thermistor.

d. Sensor range associated with point range: for example 0-100 degrees

F, 0-2 inches of water.

e. Software name(s) associated with point, if any.

f. Terminal number to which point is connected.

4. Equipment components list - Submit a listing of controllers and connected

devices shown on control system schematic.  List the following:

a. Control system schematic component name

b. Description

c. Manufacturer of controller

d. Controller �s  name
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e. Equipme nt part numbe rs

f. Cv for valves

g. For actuators:

1) Motive force (such as pneumatic, or electric)

2) Normal position

3) Nominal operating range (such as 3-7 psi, 4-8 ma)

5. AC po wer tab le -   Subm it a table listin g each c ontroller  and the  circuit

breaker number, panel box number, and physical location of each

controller �s source of AC pow er.

F. Statemen ts

1. Contractors �  qualifications - Sub mit stateme nts required in  Part 1, Quality

Assurance, Qualifications.

2. Trainin g - Subm it schedu le, syllabu s, and train ing ma terials in

accordance with Part 3, EXECUTION.

G. Reco rds - Provide administrative and closeou t submittals:

1. Training co urse docum entation - Train ing course d ocume ntation shall

include a manual for each trainee plus two additional copies and two

copies of audiovisual training aids, if used.  Documentation shall include

an agenda, defined objectives for each lesson and detailed description of

the subject matter of each lesson.

2. Service orga nization - Qua lified service organ ization list that shall

include the n ames an d telephon e numb ers of organization s qualified to

service the HVAC control systems

3. Contractor certification -  Provide certification that the installation of the

control system is complete and the technical requirements of this section

have been  met.

H. Operation  and Ma intenance  Manu als

1. Controls and HVAC System Operators Manual - Construct and provide a

Control and  HVA C System s Operators  Manu al.  This man ual is designed  to

document the HVAC and control system.  Construct this manual using a 3

ring binder with a minimum of the following 7 sections.  Use tabs to divide

each section.

a. Section 1.  Description of HVAC Systems: Provide a description of

the HVAC system components and control system.  Include

sequenc es of operation a nd a com plete points list.

b. Sectio n 2.  Co ntrols  Draw ings:   P rovide  draw ings a s spec ified. 

c. Section 3.  Control Program Listings:   Provide listing of all control

programs, including term inal equipment con troller setup pages.

d. Section 4.  Current Operating Parameters:   Provide printouts of

input an d outpu t setup in forma tion, datab ase setup s.  This sectio n is

intended to provide information such as point addresses, slopes and

offsets for all points, database of points, etc.

e. Section 5.  Design Information:    Provide tab, but leave this section

blank.

f. Section 6.  Con trol Equipm ent Cut She ets:    Provide cut sh eets of all

controller hardware and accessories.  Include temperature versus
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resistance charts for temperature sensors, and calibration charts for

pressure transducers.

g. Section 7.  Control Program:    Provide a fully operational control

system disk (CD disk format preferred) identical to the original

control program as installed.  In addition, provide a restore - backup

disk of the contro l program  and back up copy o f ACAD  controls

drawing s on a 3.5 inch disk .  It is understood that the  software w ill

be availa ble to the b ase and  used on ly for the b uildings  in this

contract.

2. DDC M anufacturer �s Hardware an d Software Man uals -

3. Contro ls and H VAC  System  Opera tors Ma nual - 

a. Section 1.  Installation and Technical Manuals for all digital

controller hardware.

b. Section 2.  Installation and Technical Ma nuals for workstations.

c. Section 3.  Operators Man uals for all digital controllers.

d. Section 4.  Operators Manuals for workstations software.

e. Section 5.  Programm ing Manuals for all digital controllers.

f. Section 6.  Programming Manuals for workstation software.

1.05 STORAGE - Stored products shall be protected from the weather, humidity and

temperature variations, dirt and dust, and other contaminants, within the

storage condition limits published by the equ ipment ma nufacturer.

1.06 QUALITY ASSURANCE

A. General

1. The Direc t Digital Control (D DC) System  herein spec ified shall be fully

integrated and installed as a complete package by the Direct Digital

Control System Contractor.  The System shall include all wiring, piping,

installation supervision, calibration, adjustments, and checkout nec essary

for a complete and fully operational system.

2. The Direct Digital Control System Contractor shall be regularly engaged

in the engineering, programming, installation and service of Direct

Digital Control systems of similar size and complexity.

3. The DDC Contractor shall have a local facility Oahu.   Emergency service

shall be available on a 24-hour, 7-day-a-week basis.

4. The D DC Co ntractor  shall be re sponsib le for all wo rk fitting in to place in

a satisfactory and neat workmanlike manner acceptable to the

Owner/Arch itect-Engineer.

B. Expe rience R ecord - 

1. The DD C Contrac tor shall have a m inimum  of five  years expe rience with

the complete installation of Direct Digital Control systems of similar size

and technical complexity.  The DDC Contractor shall provide a list of

three com parable pr ojects that have  Direct Digital Co ntrol System s with

the features as specified for this project.  These projects must be on-line

and function al.
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2. The DDC Contractor shall employ specialists in the field of Direct Digital

Control Syste ms includ ing:   Program ming, En gineering, F ield

Supervision, and Installation.  Specialists shall present factory training

certification of the sub mitted equ ipmen t upon requ est.

C. Governin g Code Co mplianc e - The DD C Contrac tor shall comp ly with all

current governing codes, ordinances and regulations, including UL, NFPA, the

local Building Code, NEC, and so forth.

D. FCC R egulation - All elec tronic equip ment sha ll conform to th e requirem ents

of FCC Regulation, Part 15, Section 15, Governing Radio Frequency

Electromagnetic Interference, and be so labeled.

E. Standard P roducts

1. Materials and equipment shall be standard products of manufacturer

regularly engaged in the manufacturing of such products, using similar

materials, design and workmanship.  The standard products shall have

been in commercial or industrial use for 2 years prior to bid opening.  The

2 year use shall include applications of similarly sized equipment and

materials used under sim ilar circumstances.  The 2 year exp erience must

be satisfactorily completed by a product which has been sold on the

commercial market through advertisements, manufacturer �s catalogs, or

brochures.

2. The equipment items shall be supported by a service organization.

F. Nameplate and Tags

1. Nameplates bearing legends as shown and tags bearing device unique

identifiers as shown shall be engraved or stamped.  Nameplates shall be

permanen tly attached to HVAC  control panel doors.

2. For e ach fie ld mo unted  piece  of equ ipm ent, no t in a fin ished  area, a

plastic or metal tag with equipment name and point identifier shall be

attached.

G. Verification of D imension s - The contrac tor shall becom e familiar with  all

details of the work, shall verify all dimensions in the field, and shall advise the

Contracting Officer of any discrepancy before performing the work.

H. Drawin gs - Because  of the small scale  of the drawin gs, it is not possible to

indicate all offsets, fittings, and accessories that may be required.  The

Contractor shall carefully investigate the mecha nical, electrical, and finish

conditions that could affect the work to be perform ed, and shall finish all work

necessary to meet such  conditions.

I. Modification of References - The advisory provision in ASME B31.1 and NFPA

70 shall be considered mandatory.  Substitute the work  � shall �  for  � should �

wherever it appears and interpret all references to the  � authority having

jurisdiction � and  � owner � to mean the Contracting O fficer.

1.07 WORK   INCLUDED

A. Installation of Direct Digital Control (DDC) System 
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1. The DDC Contractor shall furnish and install a complete Direct Digital

Control (DD C) System  for all mecha nical system s and other fac ility

systems as in cluded in the  project docu ments.  Th e DDC sy stem will

provide the functional features as defined in Part 1 - General

Requirem ents, Part 2 - Products, and Part 3 - Execution of these

Specifications.  The DDC Contractor shall provide a complete and

operatio nal syste m to pe rform a ll sequen ces of op erations  stated w ithin

Part 3 or shown on the co ntrol drawings.

2. The wo rk under this S ection shall inclu de all materia ls and labor to

perform all work required for the installation of the DDC as specified.

3. The drawings an d specifications are complem entary to one another -

mean ing that w hat is calle d for on o ne is to be  conside red calle d for in

both.  Where conflicts exists between the sp ecifications and/or drawings,

the more stringent requirement shall apply.

4. The DD C Contrac tor shall be respo nsible for field verification  of site

conditions and for gathering all necessary field data for all items to be

provided under this contract prior to submitting his or her bid.

5. Where w ork specified un der other Sec tions of this Specifica tion conne cts

to equipment or systems that are listed and described in this Section, the

DDC Contractor shall provide proper connection(s) to such equipment

including trade coordination.

1.08 COORDINATION

A. Divisions

1. The DDC  Contractor shall cooperate with other divisions perform ing work

on this  proje ct as ne cessa ry to ac hieve  a com plete a nd ne at insta llation . 

The Con tractor shall also con sult the draw ings and sp ecifications of all

trades to determine the nature and extent of others � work.

2. Contra ctors, Sub -contrac tors, Em ployee s - It will be th e duty of th is

Contractor to work in cooperation with other contractors, and with other

sub-contractors and employees, rendering assistance and arranging his or

her work so that the entire project

1.09 MANUALS

A. All manuals shall be prov ided in hard copy form at or on a single Compa ct Disk

(CD) as part of an on-line documentation system through the operator

workstation.

PART 2 PRODUCTS

2.01 Y2K COMPLIANT PRODUCTS

A. Provide computer controlled facility components, specified in this section, that

are Year 20 00 comp liant (Y2K).  Com puter contro lled facility comp onents

refers  to softw are dr iven te chno logy a nd em bedd ed m icroch ip tech nolog y. 

This includes, but is not limited to, programmable thermostats, HVAC

controllers, utility monitoring and control systems, alarms, and other facilities
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control system s utilizing microc ompu ter, minicom puter, or progr amm able

logic controllers.

2.02 SYSTEM ARCHITECTURE

A. First Tier Network

1. The first tier network shall be based on a PC industry standard of

Ethernet TCP/IP,   or ARCnet.     PC Workstation LAN controller cards

shall be standard  � off the shelf �  products available through normal PC

vendor chann els.

2. The DDC  system shall network m ultiple operator workstations, network

controllers, system controllers, and application-specific controllers.  The

first tier network shall provide communications between operator

workstations and first tier DDC (Direct Digital Control) controllers.

3. The first tier network shall operate at a minimum communication speed

of 2.5 M baud, with full peer-to-peer network communication.

4. Network Con trollers shall reside on the first tier.

B. First Tier Network Protocol Integration

1. The protocol used between two different vendor systems will be BACnet

over Ethernet and comply with the ASHRA E BACnet standard 135-1995.

2. The system installed under this contract shall allow bi-directional

communications between the owner �s designated host system or a BACnet

system  over an  Ethern et TCP /IP data lin k, or AR Cnet.  Su pporte d med ia

shall include fiber, 10base2, and 10baseT.

3. A com plete Protoco l Implem entation Con formanc e Statemen t (PICS) shall

be provided for all BACn et system devices.

4. The ability to share data and chang e of state (COS) between the ow ner �s

designated h ost system an d the system  installed unde r this contract sha ll

be provided.

C. Second Tier Netw ork

1. The second tier network is used to communicate between the first tier

DDC controllers and  field controllers.

2. Second tier networks shall utilize either  � Peer-to-Peer, �  Master-Slave, or

Supervised Token Passing communications orr LONWOR KS.

D. Second Tier Controller Protocol Integration

1. Hardwired

a. Analog an d digital signal valu es shall be passe d from on e system to

another via hardwired co nnections.

b. There will be one separate physical point on each system for each

point to be integrated between  the systems.

c. Analog points will be 4-20 mA signals originating at the  � from

system �  and being received by the  � to system � .
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d. Digital points will be  �dry cont act �  signals originating at the  � from

system  � and bein g rece ived b y the  �to syst em. �

2. Direct Protocol

a. The DDC system shall include appropriate hardware equipment and

software to allow data communications between the DDC system

and 3rd party manufacturers control panels.  The DDC shall receive,

react to, and return information from m ultiple building systems,

variable frequency drives, power monitoring systems, etc.

b. All data required by the app lication shall be mapped into the F irst

Tier Network DDC Controller �s database, and shall be transparent

to the operator.

c. Point inputs and outputs from the third-party controllers shall have

real-tim e interop erability w ith DDC  software  features s uch as:  

Control Software, Energy M anagemen t, Custom Process

Programming, Alarm Management, Historical Data and Trend

Analysis, Totalization, and Dial-Up and Lo cal Area Netwo rk

Comm unications.

d. Integration shall be via RS-232 or RS-485 tech nologies.

e. The system opera tor shall have the ability to verify, and diagnose

communication messages and point information between third-

party controllers and the DDC system.

SPE CIFI ER �S NO TE: T he Consultant shall show the minimum number of digital

controllers for the HVAC system on the project drawings.

2.03 DDC SYSTEM  

A. Provide a DDC system as a distributed control system.  The system shall have

stand- alo ne digita l controlle rs,   a com mun ications n etwork  (new or  existing),

and a separate workstation computer with workstation software.

B. Provide an  operator  prog ramm able system , based on the u ser application s, to

perfo rm cl osed-l oop, m odula ting an d/or on -off  con trol of b uildin g equ ipm ent. 

Connect all digital controllers through the com munication netw ork to share

common data and report to workstation computers.  The workstation

computers will be capable of being programmed to supervise the digital

controllers.  The control system shall be capable of down-loading and up-

loading of programs betw een the workstation and the d igital controllers.

C. Provide the q uantity of digital con trollers indicated on  the drawin gs that will

perfo rm re quire d clim ate con trol, en ergy m anag eme nt, and  alarm  funct ions. 

The quantity of controllers shall be no less than the number shown on

drawings.  All material used shall be currently in production.

1. Direct Digital Controllers - DDC hardware shall be UL 916 rated.

a. Distributed Control - Apply digital controllers in a distributed

control manner.

b. Environmental Operating Limits - Provide digital controllers that

operate in environmental conditions between 32 and 120 degrees

Fahren heit.

c. Stand-Alone Con trol - Provide stand-alone digital controllers.

d. Internal Clock - Provide clock with each  controller on the first tier 

local area network (LAN) and shall have its clock backed up by a
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battery or capacitor with sufficient capacity to maintain clock

operation for a minimum of 72 hours during a line power outage.

e. Memory -

1) Provide sufficient memo ry for each controller to support

required control and com munication functions.

2) Memory Protection:   Programs residing in memory shall be

protected eithe r by using E EPRO M or by a n uninterru ptible

pow er sou rce (ba ttery o r unin terrup tible p ower  supp ly (UP S)). 

The back up pow er source sha ll have sufficient ca pacity to

main tain vo latile m emo ry in e vent o f an A C pow er failu re. 

Wher e the un interrup tible pow er sourc e is recha rgeable  (a

rechargeable battery), provide sufficient capacity for a

minim um of seve nty-two hou rs back-up.  Th e recharge able

power source shall be con stantly charged by charging  circuitry

while  the co ntrolle r is ope rating  unde r norm al line p ower . 

Where a nonrechargeable power source is used, provide

sufficient capacity for a minimum of two years accumulated

power failure.  Batteries shall be designed to allow

replacement without soldering.

     f. Inputs  - Provide input function integral to the direct digital

controller.  Provide input type as required by the DDC design.

1) Analog Inputs:    Allowable input types are three wire 100 ohm

or higher platinum RTD �s, stable 10,000 ohm thermistors, 0-10

VDC and  4 to 20 ma.  Thermistor and direct R TD inputs mu st

have appropriate conversion curves stored in controller

software or firm ware.  An alog to digital (A/D) con version shall

be a minimum of 10 bit resolution.

2) Digital Inputs:   Digital inputs shall sense open/close, on/off, or

other two state indications.

g. Outputs - Provide output function integral to the direct digital

contr oller.  P rovide  outpu t type a s requ ired b y the D DC d esign . 

Insure that output of controllers are compatible with controlled

devices.

1) Analog Outputs:    Provide controllers with a minimum output

resolution of 8 bits.  Output shall be 4 to 20 ma or 3 to 15 psi or

0-10 VDC.  Each pneumatic output shall have feedback for

monitoring of the actual pneumatic signal.  Feedback shall be

integral to the output function.

2) Digital Outputs:   Provide contact closure with contacts rated

at a minimum  of 1 ampere at 24 volts.

h. PID Control - Provide controllers with proportional, proportional

plus integral, and proportional plus integral plus derivative control

capability.  Terminal controllers are not required to have the

derivative com ponent.

i. Digital Controller Networking Capabilities - The upper level digital

controllers shall be capable of being networked with other similar

upper level controllers.  Upper level controllers shall also be

capable of comm unicating over a network b etween buildings.

j. Comm unications P orts

1) Contro ller-to-Con troller LA N Com mun ications P orts:   

Controllers in the building DDC system shall be connected in a

comm unications n etwork.  Con trollers shall have c ontroller to

controller communication ports to both peer controller (lower
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level controller).  Network may consist of more than one level

of loca l area n etwo rk and  one le vel m ay ha ve m ultiple  drops . 

Communications network shall permit sharing between

controllers of sensor and control information, thereby allowing

execution of dynamic control strategies and coordinated

response to alarm cond itions.

2) On-Site Interface Ports:   Provide a RS-232, RS-485, or RJ-11,

or RJ-45 communications port for each digital controller that

allows direct connection of a computer or hand held terminal

and th rough  whic h the c ontro ller m ay be  fully in terrog ated. 

Controller access shall not be limited to access through

another con troller.  On-site interface  comm unication p orts

shall be in addition to the communications port(s) supporting

controller to con troller comm unications.  Com munica tion rate

shall be 56K Baud m inimum.  Eve ry controller on the highest

level LAN shall have a communications port supporting direct

connection of a computer; a hand held terminal port is not

sufficient.  By connecting a com puter to this port, every

controller in the  direct digital contro l system shall b e able to

be fully interrogated and programmed.  The following

operations shall be available:   downloading and uploading

control programs, modifying programs and program data base,

and retrieving or accepting trend rep orts, status reports,

messages, and alarm s.

3) Remote Work Station Interface Port:    Provide one additional

direct connect computer port in each DDC system for

permanent connection of a remote operator �s workstation,

unless the workstation is a node on the LAN.  All operations

possible by directly connecting aa computer to a controller at

the highest leve l LAN sh all be available thr ough this por t.

4) Telecommunications Interface Port:    Provide one additional

telecommunications port in each DDC system permitting

remote co mmu nications via telep hone.  All ope rations possible

by directly connecting a com puter to a controller at the highest

level LAN shall be available through the telecommunications

port.  A telecommunications port provided on a digital

controller shall b e in addition to the  port required  for directly

connecting a computer to the controller.  Telecommunication

baud rate shall be 96K minimum.

k. Modem  - Provide one  modem  per DDC  system to com munica te

between the digital control system and the workstation.

l. Digital Contro ller Cabinet - E ach digital con troller cabinet sh all

protect the controller from dust and be rated  NEM A 1, unless

spec ified oth erwis e. 

 Contro ller cabin ets, or enc losures th e contro ller �s is mou nted in

shall be provided with a lock.

m. Main P ower Sw itch - Each co ntroller on the h ighest level LA N shall

have a main power switch for isolation of the controller from AC

power.  The switch shall be protected from tampering within the

DDC ca binet.

2. Termin al Control U nits
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a. TCU �s shall be manufactured by the same company as the digital

controllers.

b. TCU �s shall automatically start-up on return of power after a failure,

and previous operating parameters shall exist or shall be

automatically downloaded from a digital controller on a higher level

LAN.

c. TCU �s do not require an internal clock, if they get time information

from the digital controller.

3. DDC Software - Software resides in the digital controllers and performs

control sequences.

a. Sequen ce of Control - Pr ovide, in the digital con trollers, software to

execute the sequence of control.  Provide sequences of control

written in bo th text and grap hic format.

b. Database Modification - Provide software to modify the control

program database.  Database modification shall be accomplished

through connected computer or hand held terminal or through a

keypad integral to the controller.  Database modification shall be

accomplished without having to make changes directly in line-by-

line programming.  As a result of this requirement, when the control

program is of the line-by-line type, database parameters in the

following list that take real number values shall require assignment

of variable names so parameters can be changed without modifying

the line-by-line programming.  Alternatively, block programming

languages shall provide for mod ification of these database

parameters in fill-in-the-blank screens.  The following shall be

modifiable in this way:

1) Setpoints

2) Deadband limits and spans

3) Reset schedules

4) Switchov er points

5) PID gains and time between control output changes

6) Time

7) Timed local override time

8) Occupancy schedules

9) Holidays

10) Alarm points, alarm limits, and alarm messages

11) Point definition database

12) Point enable, disable, and override

13) Trend p oints, trend interva ls, trend reports

14) Analog input default values

15) Passwords

16) Communications parameters including network and telephone

communications setups

   c. Differential - Where equipment is started and stopped or opened

and closed in response to some analog input such as temperature,

pressure, or hu midity, includ e a differential for the c ontrol loop to

prevent sh ort cycling of eq uipmen t.

d. Motor and Flow Status Delay - Provide an adjustable delay between

when a motor is commanded on or off and when the control program

looks to the motor or flow status input for confirmation of successful

execution of the command.
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e. Runtime Accum ulation - Provide resettable run time accumulation

for each controlled electrical motor.

f. Timed Local Override - Provide user definable adjustable run time

for each push of a momentary contact timed local override.  Pushes

shall be cumulative with each push designating the same length of

time.  Provide a user definable limit on the number of contact

closu res sum med , such a s 6, befo re the c ontac t closu res are  ignor ed. 

Timed local overrides are to be disabled d uring occupanc y periods.

g. Time Programs - Provide programs to automatically adjust for leap

years, and make daylight savings time and standard time

adjustments.

h. Scheduling

1) Each con trol output poin t shall be sched ulable and its

opera tion ba sed on  time o f day, d ay of w eek, an d day  of year . 

Output points may be associated into groups.  Each group may

be associated with a different schedule.  Changing the

schedu le of a grou p shall ch ange th e sched ule of eac h point in

the gr oup.  P oints m ay be  adde d to an d dele ted fro m gro ups. 

Groups ma y be created and deleted by  the operator.

2) Provide capability that will allow current schedules to be

viewed and modified in a seven day week format.  When

control program does n ot automatically compu te holidays,

provide capability to allow holiday schedules to be entered

one full year at a time.

i. Point Override - I/O and virtual points shall be able to be software

overridden in the software and commanded to any possible value

from the main bu ilding digital controller.

j. Alarming - I/O points and virtual poin ts shall be alarmable.  Alarms

may be enabled and disabled for every point.  Alarm limits shall be

adjustable on analog points.  Controllers connected to an external

commu nications device such as a printer, terminal, or com puter,

shall d own load a larm  and a larm  mess age w hen a larm  occu rs. 

Otherwise alarms will be stored and automatically downloaded

when a  comm unications link  occurs.  The follow ing condition s shall

generate alarms:

1) Motor is commanded on or off but the motor status input

indicates no change

2) Room temperature, humidity, or pressure strays outside

selectable lim its

3) An analog inpu t takes a value indicating sensor failure

4) A module is  � dead �  to the LAN

5) A power outage  occurs

k. Message s - Messages sh all be operator d efined and  assigned to

alarm po ints.  Message s shall be display ed when  a point goes into

alarm.

l. Trending - DDC system shall have the capability to trend I/O and

virtual points.  Points may by associated into groups.  A trend  report

may be set up for each group.  The period between logging

consecutive trend values shall range from one minute to 60 minutes

at a minimum.  Trend data type shall be selectable as either

averages over the logging period or instantaneous values at the time

of logging.  The minimum number of consecutive trend values stored

at one time shall be 30 per variable.  When trend memory is full, the
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most recen t data shall overw rite the oldest data.  Tre nd data sha ll

be capable of being uploaded to computer.  Trend data shall be

available on a real time basis; trend data shall appear either

numerically or graphically on a connected computer �s screen as the

data b eing p roces sed fro m the  DDC  system  data en viron men t. 

Trend reports shall be capab le of being uploaded to com puter disc

and archived.

m. Status Display - Current status of I/O and virtual points shall be

displayed on command.  Points shall be associated into functional

groups, such as all the I/O and virtual points associated with control

of a single air handling unit, and displayed as a group, so the status

of a single me chanical sys tem can  be readily che cked.  A grou p shall

be selectable from a menu of groups having meaningful names; such

as AHU -4, Second Floor, Chiller System, and other such  names.

n. Diagnostics - Each controller shall perform self-diagnostic routines

and p rovide  mess ages to  an op erator  whe n erro rs are d etecte d. 

DDC sy stem shall be  capable of rec ognizing a n onrespon sive modu le

on a LAN.  The remaining, responsive modules on a LAN shall not

operate in a degraded mode.

o. Power L oss - In event of a p ower outag e, each contro ller shall

assume a  disabled status an d outputs sha ll go to an user de finable

state. Upon restoration of power, DDC system shall perform an

orderly restart, with sequencing of outputs.

p. Program Transfer - Provide software for download of control

programs and database from a computer to controllers and upload

of same  to com puter fro m con trollers.  Ev ery digita l controlle r in

the DDC system shall be capable of being downloaded and uploaded

to through a single controller on the highest level LAN.

q. Password Protection - Provide a t least three levels of password

protection to the  DDC sys tem perm itting different levels of ac cess to

the system.

r. Energy Data Recording - Provide a resettable signal accumulation

for each meter at the ma in building digital controller.

1) Calculate chilled water thermal energy in BTU/HR using

chilled water supply temperature and flow and chilled water

return temperature signa ls.

2) Reco rd electric al energ y in KW H and  electrica l dema nd in

KW.

   4. Workstation

a. Provide a workstation computer and workstation software installed

to provide a interface for monitoring, troubleshooting, and making

adjustments to the program or operating parameters of the DDC

system from a central location.  The workstation shall be capable of

accessing all controllers, including TCU �s, in the DDC system. DDC

system  shall routin ely oper ate stand -alone on  a contin uous ba sis

without connection to the workstation.  Information at the

workstation is not required for day to day operations at the direct

digital controllers.

b. Hardware - All workstation computer hardware equipment and

peripherals shall be recommended by the DDC system

manu facturer.  The w orkstation shall be  configured to o perate

accor ding to  the DD C syste m m anufa cture r �s spec ificatio ns. 
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Workstation hardware shall be configured to allow operation of

software, uploading and downloading of programs, and creation of

graphics.  At a m inimum  the workstation  hardwar e shall consist of:

1) Workstation

450 MHZ Pentium  II processor

6.4 GB HHD minimum

64 MB of EDO Ram

Enhanced IDE (EIDE) controller

3.5", 1.44 MB Floppy Drive

32 X CD Rom

128-bit PCI Graphics accelerator or better w/ 2 MB of Video

memory with upgradability to at least 8 MB

10/100BT Netw ork Interface card

Keyboard

Flash BIOS, PnP 1.0a, PCI BIOS 2.1, DMI 2.0 compliant, Y2K

complian t 

Pre In stalled  Wind ows N T 4.0

Sound bla ster comp atible audio w ith speakers (inter nal)

17 inch M onitor (<0.28 m m Dot P itch & 0.25 Ap erture Grill

Pitch, 1024x768 at Non-Interlaced 85 Hz or greater, Plug and

Play Com patible, Ener gy Star Com pliant)

Y2K Compliant

DMI 2.0 compliant

Three (3) Ye ar Warran ty

Warranty Label

On-Line Asset Reporting

OEM  or Con tracto r prov ide CD -RO M co ntain ing sof tware  (i.e. 

operating system/application software) provided on hard drive

at time of purchase

OEM or Contractor provides user �s manual for each type of

hardware

Mouse

Modem; 56k Baud

Printer; color inkjet

110 volt terminal strip with surge protection.

c. Software  -  Workstation software shall be recommended and

supported  by the DD C system m anufacture r and configu red to

opera te acc ordin g to the  DDC  system  man ufactu rer �s spec ificatio ns. 

Workstation software shall permit monitoring and troubleshooting

of the DDC system.  Workstation software permits modification of

the controller database and control programs.  Operations shall be

menu selected.  Menu selections shall be made with a mouse.

1) Menu  System:   M enu system  shall allow an o perator to select a

particular function or access a particular screen through

successive menu penetration.

2) Controller Data Base M odification:   The workstation software

shall be a n interfa ce for pe rformin g capab ilities specifie d in

paragraph entitled  � DDC Software �  and available through

direc t conn ection  of a com puter  to a digi tal con troller . 

Database m odification shall req uire only that an  operator  �fill

in the blank �  for that parameter on a screen requesting the

information  in plain langu age.  Database  modification s shall
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be automatically downloaded to the appropriate controllers at

operator req uest.

3) Program modification:   For systems using a line-by-line

programming language, provide an off-line text editor, similar

to BASIC program editor, permitting modification of controller

resident control programs.  For systems using block

programming languages provide a capability for linking blocks

togeth er to cr eate n ew p rogra ms or  mod ify exis ting p rogra ms. 

Program  modification s shall be autom atically down loaded to

the approp riate controllers at op erator reque st.

d. Graphic-B ased Softwa re -  The intent of g raphic-base d software is to

provide an ergonomic interface to the DDC system that encourages

effective and efficient interaction with the system.  Graphic-based

software shall provide graphical representation of the building, the

buildings mechanical systems, and the DDC system.  The current

value and point nam e of every I/O point shall be shown on  at least

one graph ic and in its app ropriate phy sical location relative  to

building and mec hanical systems.

1) Graphics shall closely follow the style of the control drawings

in representing mechanical systems, sensors, controlled

devices, and point nam es.

2) Graphic T itle: Graphics sh all have an ide ntifying title visible

when the graphic is being viewed.

3) Dynamic Update:   When the workstation is on-line with the

control system, point data shall update dynamically on the

graphic images.

4) Graphic Penetration:   Provide graphic penetration when the

capability exists.  For systems without graphic penetration,

provide menu penetration for selection of individual graphics

to give the  same h ierarch ical affect p rovided  by grap hic

penetration.

5) Graphic Types:   Graphic-based software shall have graphics of

the building exterior, building section, floor plans, and

mechanical system s.  Provide the following graphics:

a) Building Exterior Graphic:   Show exterior architecture,

major landm arks, and building num ber.

b) Buildin g Section  Graph ic:   Show  stacked  floors in

section graphic with appropriate floor name on each

floor.

c) Floor Plan Graphics:   Provide a single graphic for each

floor, unless the graphic will contain more information

that can reasonably be shown on a single graphic.  Each

heating or cooling zone within a floor plan shall have a

zone na me an d its -curre nt tem peratu re displa yed w ithin

the zone outline.  Show each controlled variable in the

zone.  Pro vide visu al indica tion for ea ch poin t that is in

alarm.

d) Mechanical System Graphics:   Provide two-dimensional

drawings to symb olize mechanical equipm ent; do not use

line drawings.  Show controlled or sensed mechanical

equipm ent.  Each gra phic shall con sist of a single

mech anical sy stem; ex amp les are a g raphic  for an air
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handling unit, a graphic for a VA V box, a graphic for a

heatin g wat er syst em, a nd a g raph ic for a c hiller s ystem . 

Place senso rs and con trolled devices as sociated with

mec hanic al equ ipm ent in  their a ppro priate  locatio ns. 

Place point name and point value adjacent to sensor or

controlled device.  Provide visual indication of each

point in alarm.  Condition, such as zone temperature,

associated with the mechanical system shall be shown on

the graphic.  Point values shall update dynamically on

the graphic.

6) Graphic Editing -     Full capacity as afforded by a draw

software package shall be included for operator editing of

graphics.  Graphics may be created, deleted, and modified, and

text added.  Provide capability to store graphic symbols in a

sym bol dir ectory  and in corp orate th ese sy mbo ls into g raph ics. 

A minimum of sixteen colors shall be available.

7) Dynamic Point Editing:   Provide full editing capability for

deleting, adding, and modifying dyn amic points on graph ics.

8) Trending :   Trend data sh all be displayed  graphically, w ith

control variable and process variable plotted as functions of

time one th e same ch art.  Graphic disp lay of trend data  shall

be a capab ility internal to the w orkstation softwa re and not a

capability resulting from download of trend data into a third-

party spreadsheet program such as Lotus, unless such transfer

is automatic and transparent to the operator, and the third-

party software is included with the w orkstation software

package.  At the operator �s discretion trend data shall be

plotted real time.

5. Maintenance Personnel Interface Tools -  Provide a notebook computer

for field comm unication w ith the digital controlle rs.  In addition to

changing  setpoints, and m aking oper ational chan ges, field personn el shall

be ab le to up load a nd do wnlo ad pr ogram s with  the no teboo k com puter . 

   a. Provide [ _______ (___)] laptop  computer, necessary software, and

direct connection cable to com municate with the digital controllers

when directly connected.

b. Provide laptop  computer with the following features as a minimum:

366 MHZ M obile Pentium II processor

32 MB SDRAM

13"  TFT XGA 64K color display

4.3   GB HD

PnP, Y2K compliant, flash BIOS

Windows 9x

3 1/4", 1.44 MB Floppy Drive

2 PCM CIA slots (2 type II or 1  type III)

24X CD-ROM

PCM CIA, 56K bps Modem

10B T Netw ork Interface Card

64-bit PCI Graphics accelerator w ith 4MB of Video M emory

Three Y ear Warra nty

   c. Recommended by the digital controller manufacturer, and a direct

connection cable to com municate with the digital controller.
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2.04 SENSORS AND INPUT HARDWARE

A. Field Installed Tempera ture Sensors

1. Thermistors -  Precision thermistors may be used in temperature sensing

applications below 200 degrees F.  Sensor accuracy over the application

range shall be 0.36 degree F or less between the range of 32 to 150 degrees

F.  Sensor m anufacture r shall utilize 100 perc ent screenin g to verify

accuracy .  Thermistors sh all be pre-aged , and inheren tly stable.  Stability

error of the thermistor over five years shall not exceed 0.25 degree F

cumulative.  Sensor element and leads shall be encapsulated.  Bead

thermistors are not allowed.  A/D conversion resolution error shall be

kept to 0.1 degree F.  Total error for a thermistor circuit shall not exceed

0.5 deg ree F , whic h incl udes s ensor  error a nd dig ital con troller  A/D

conversion resolution error.  Provide thermistor and digital controller

manufacturer documentation and the Contractor �s engineering

calculations w hich supp ort the propo sed therm istor input circuit w ill

have a total error of 0.5 degree F or less.  Provide 18 gage twisted and

shielded cable for thermistors.

2. Resistance  Temp erature De tectors (RTD s) -  Provide RT D sensors w ith

1000 ohm, or higher, platinum element that are compatible with digital

controllers.  Sensors shall be encapsulated in epoxy , series 300 stainless

steel, anodized alu minum , or copper.  Tem perature sen sor accurac y shall

be 0.1 p ercen t (1 ohm ) of exp ected  ohm s (1000  ohm s) at 32 d egree s F. 

Temperature sensor stability error over five years shall not exceed 0.25

degree F cum ulative.  Direct connection of RTD s to digital controllers,

without transmitters, is preferred provided controller supports direct

connection of RTD s.  When RTD s are connected directly to the controller,

keep lead resistance error to 0.25 degree F or less.  Provide 3 wire sensing

circuits to not exceed the 0.25 degree F lead resistance error.  Total error

for a RTD circuit shall not exceed 0.5 degree F, which includes sensor

error, lead resistance error or 4 to 20 milliampere transmitter error, and

A/D conversion resolution error.  Provide manufacturer documentation

and the Contractor �s engineering calculations which support the proposed

RTD circuit will have a total error of 0.5 degree F or less for the specified

application.

a. Wiring -  Provide 18 gage twisted and shielded pair cable for direct

connecte d RTD s.   Provide 18 gage  twisted and sh ielded pair cab le

for RTDs using 4 to 20 m illiampere transmitters.

b. Transmitters -  Provide 4 to 20 milliampere transmitters for RTDs

where Digital controllers do not support direct connection of RTDs

to controllers;   Digital controllers do not meet temperature

resolution requirement of 0.5 degree F

3. Temp erature Sen sor Details

a. Room:    Conceal element behind protective cover matched to the

room interior.  Room temperature sensor shall have integral

pushbutton, digital input to the controller for system override, and a

setpoint adjustment, analog inpu t to the controller.  Digital sensors

that commu nicate directly with the terminal control unit are

acceptable.  Provide a connection to allow interrogation of the

digital controller.
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b. Duct Averaging T ype:   Continuous averagin g RTDs for ductw ork

applications shall be 1 foot in length for each 4 square feet of

ductw ork cr oss-sec tional  area w ith a m inim um le ngth o f 6 feet. 

Probe type  duct sensors o f one foot length m inimum  are accepta ble

in ducts 12 feet square and less.

c. Immersion Type:   3 inches and 6 inches where needed total

immersion for use with sensor wells, unless otherwise indicated.

d. Sensor Wells:   Brass materials; provide thermal transmission

material com patible with th e imme rsion sensor.  Pro vide heat-

sensitive transfer agent between exterior sensor surface and

interior well surface.

e. Outside A ir Type:   Prov ide elemen t on the buildin gs north side w ith

sunshade to minimize solar effects.  Mount element at least 3 inches

from building outside wall.  Sunshade shall not inhibit the flow of

ambient air across the sensing element.  Shade shall protect sensing

element from rain.

B. Transm itters -  Transm itters shall have 4 to 20  ma, or 0-10 VD C output line arly

scaled  to the te mpe rature , pressu re, hum idity, or  flow ra nge b eing s ensed . 

Tran smitte r shall b e ma tched  to the se nsor, fa ctory c alibra ted, an d seale d. 

Total error shall not exceed 0.1 percent of 20 milliampere (0.02 milliampere) at

any p oint ac ross th e 4 to 20  ma sp an.  Su pply  voltag e shall  be 24 v olts ac o r dc. 

Transmitters shall have non-interactive offset and span adjustments.  For

temperature sensing, transmitter stability shall not exceed 0.05 degree F a

year.

1. Spans and Ranges  - Transmitter spans or ranges shall be the following

and shall be suitable for the application:

a. Temperature:

1) 50 degree F span:   Room, chilled water, cooling coil, discharge

air, return air sensors

2) 100 deg ree F sp an: Ou tside air, ho t water, h eating c oil

discharge air, mixed air sensors

3) 200 degree F span:   High temperature hot water, heating hot

water, chilled/hot water system sensors

b. Pressure

1) 0 to 100 psi differential:    Water differential range

2) 0 to 5 inches water differential range:    Duct static pressure

C. Relative  Humidity Transmitters -  Provide integral humidity transducer and

transmitter.  Output of relative humidity instrument shall be a 4 to 20

milliampere or 0 to 10 VDC signal proportional to 0 to 100 percent relative

humidity in put.  Accura cy shall be 2 pe rcent of full scale w ithin the range  20 to

80 percent relative humidity.  Sensing element shall be chilled mirror type,

polym er, or th in film  polym er typ e.  Sup ply vo ltage sh all be 2 4 VD C. 

Transmitter shall meet spec ified requirements.

D. Press ure T ransm itters - P rovide  integr al pre ssure  transd ucer a nd tra nsm itter. 

Output of pressure instrument shall be a 4 to 20 milliampere or 0 to 10 VDC

signal proportional to the pressure span.  Span shall be as specified.  Accuracy

shall be 1.0 percent.  Linearity shall be 0.1 percent.  Supply voltage shall be 24

VDC.  Transm itter shall meet specified requirements.
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E. Current Transducers - Provide current transducers to monitor amperage of

motors.  Select current transducer range for normal amperage to be above 50

percent of the range.  Current transducers shall have an accuracy of 1 percent

and a 4 to 20 m illiampere ou tput signal.

F. Input Switches

1. Differential Static Pressure Switch -  Provide diaphragm type differential

static pre ssure sw itches for b inary (tw o position ) operatio n as spe cified in

sequence of operation.  Devices shall withstand pressure surges up to 150

percent of rated pressure.  Contacts shall be single pole double throw and

switc h ma y be w ired for  norm ally op en or n orm ally clo sed op eratio n. 

Trip set point shall be adjustable.  Pressure switch shall be sized so that

operating pressure trip point is approxim ately midpoint of pressure

switch adju stable range.  R epetitive accu racy shall be 2 p ercent.

2. Induced C urrent Op erated Solid State  Switches -  Pro vide adjustab le

ranging to m onitor continu ous loads up  to 200 amp eres.  Switch sh all

indicate wh ether it is norm ally open or n ormally close d.  Limit off-state

leakage to 2 milliampere or less.

3. Timed Local Override -  Provide momentary contact push button override

with override time set in controller software.  Provide to override DDC

time o f day p rogra m an d activ ate occ upan cy pr ogram  for assig ned u nits. 

Upon expiration of override time, the control system shall return to time-

of-day program.  Time interval for the length of operation shall be

software adju stable and sh all expire unles s reset.

G. CO2 sensors:    Provide CO2 sensors with integral transducers.  Output signal

shall be 4 to 20 mA or 0-10 VDC.  Accuracy shall be    +/-   5  percent

H. Energy Metering

1. Electric Meters -  Provide kilowatt-hour (kWh) meter for building as

indicated.  Integrate electric meter signal into DDC system.

2. Meter:   ANSI C12.10.  Provide watt-hour meter and socket corresponding

to the ratios of the current transformers and transform er secondary

voltage.  Meter shall be selected for -volt, three-phase, three four-wire

wye  delta sy stem , three-e leme nt typ e with  three c urren t trans form ers. 

Meter s shall be c ompl ete with  a box m ounted  socket h aving a utoma tic

circuit closing bypass.  Provide watt-hour meter with not less than four

pointer-type kWh registers, provisions for pulse initiation, and a universal

Class 2 indicating maximum kW demand register, sweep pointer

indicating type, with a 15 30 60  -minute interval.  Meter accuracy shall be

within plus or minus one percent. The correct multiplier shall be

provided on face of meter.

3. Current Transform er:   ANSI C57.13.  Provide three curren t transformers

with 600-volt insulation, rated for metering with voltage, BIL, momentary,

and b urden  rating s coord inated  with th e ratin gs of the  associ ated m eters. 

Provide a butyl molded donut or window type transformers mounted on a

brack et to allo w sec onda ry cab les to co nnec t to the tr ansfo rme r bush ings. 

Identify th e wiring  of the cur rent tran sforme r secon dary fee ders to pe rmit

field current measurem ents to be taken with hook-on am meters.
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2.05 OUTPUT HARDWARE

A. Damper -  Damper shall conform to SMACNA DC S.

1. A single damper section shall have blades no longer than 48 inches and

shall be no higher than 72 inches.  Maximum damper blade width shall be

8 inches.  Larger sized damper shall be made from a combination of

sections.

2. Damp ers shall be steel, or othe r materials w here show n.  Flat blades sh all

be mad e rigid by folding th e edges.  Blade s shall be provid ed with

compressible seals at points of contact.  The channel frames of the

dam pers s hall be  provi ded w ith jam b seals  to min imize  air leak age. 

Dampers shall not leak in excess of 20 cfm per square foot at 4 inches

water gage static pressure when closed.  Seals shall be suitable for an

opera ting te mpe rature  range  of min us 40 d egree s F to 20 0 degr ees F . 

Dampers shall be rated at not less than 2000 fpm air velocity.  All blade-

connecting devices within the same damper section will not be located

directly in the air stream.  Damper axles shall be 0.5 inch (minimum)

plated steel rods supported in the damper frame by stainless steel or

bronze bearings.  Blades m ounted vertically shall be supported by thru st

bearings.  Pressure drop through dampers shall not exceed 0.04 inch

water gage at 1000 fpm in the wide open position.  Frames shall not be

less than 2 inch es in width.  Da mpers sh all be tested in acc ordance w ith

AMCA  500.

3. Operating links external to dam pers (such as crankarm s, connecting rods,

and line sha fting for transm itting motion from  dampe r actuators to

dampers) shall withstand a load equal to twice the maximum required

damper-operating force.  Rod lengths shall be stainless steel.  Working

parts o f joints a nd cle vises sh all be b rass, br onze, o r stain less ste el. 

Adjustments of crankarms shall control the open and closed position of

dampers.

B. Valves

1. Valve Assembly - Valves shall have stainless steel stems.    Valve bodies

shall be designed for not less than 125 psig working pressure or 150

percent of the system operating pressure, whichever is greater.  Valve

leakage rating shall be 0.01 percent of rated Cv.  Class 125 copper alloy

valve bodies a nd Class 150 ste el or stainless steel valv es shall conform  to

ASM E/ANS I B16.5 as a m inimum .  Cast iron valve co mpon ents shall

conform to ASTM A 126 Class B or C as a minimum.

2. Butterfly Valve Assembly -  Butterfly valves shall be threaded lug type

suitable for dead-end service and for modulation to the fully closed

position, with noncorrosive discs, stainless steel shafts supported by

bearing, and EPDM seats suitable for temperatures from minus 20

degrees F to plus 250 degrees F.  Valves shall have a manual means of

operation independ ent of the actuator.

3. Three-Way Valves -  Three-Way valves shall have equal percentage

characteristics.
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4. Valves for Chilled Water Service -  Bodies for valves 1-1/2 inches and

smaller shall be brass or bronze, with threaded or union ends.  Bodies for

valve s from  2 inch es to 3 in ches in clusiv e shall  be of b rass, br onze o r iron. 

Bodies for 2 inch valves shall have threaded ends.  Bodies for valves from

2-1/2 to 3 inc hes sha ll have flan ged-en d conn ections.  In ternal va lve trim

shall be brass or bronze except that valve stem s may be Typ e 316 stainless

steel.  Water valves shall be sized for a 3 psi differential through the valve

at rated flow, except as indicated otherwise.  Select valve flow coefficient

(Cv) for an actual pressure drop not less than 50 percent or greater than

125 percent of the design pressure drop at design flow.   Valves 4 inches

and larger shall be butterfly valves.

5. Valves for hot water service below  250 Degrees F

a. Bodies for valves 1-1/2 inches and sma ller shall be brass or bronze

with threaded or union ends.  Bodies for valves larger than 2 inches

shall have flanged-end connections.  Water valves shall be sized for

a 3 psi differential through the valve at rated flow, except as

indicated otherwise.  Select valve flow coefficient (Cv) for an actual

pressure drop not less than 50 percent or greater than 125 percent

of the design pressure drop at design flow.

b. Internal trim, including seats, seat rings, modulation plugs, aand

springs, of valves controlling water hotter than 210 degree F shall be

Type 316 sta inless steel.

c. Internal trim  for valves contro lling water 210  degrees F o r less shall

be brass or bronze.

d. Non-metallic parts of hot water con trol valves shall be suitable for a

minimum continuous operating temperature of 250 degrees F above

the system design tem perature, whichever is higher.

C. Actuator -  Provide electric type with spring return so that, in the event of

power failur e, actuators shall fail safe in e ither the norm ally open or n ormally

closed position as specified.  Actuators shall be quiet operating and function

properly within the range of 85 to 110 percent of the motive power.  Provide a

minimum  of one actuator for each damp er.

1. Electric Actuators - Provide direct drive electric actuators for all damper

control app lications.  When  operated at rate d voltage, each  operator sha ll

be capable of delivering the torque requ ired for continuous uniform

movement of the valve or damper and shall have end switch to limit travel

or shall withstan d continuo us stalling witho ut damag e.  Operators sh all

function properly with range of 85 to 110 percent of line voltage.  Provide

gears of steel or copper alloy.  Fiber or reinforced nylon gears may be

used for torques less than 16 inch pounds.  Provide hardened steel

running shafts in sleeve bearing of copper alloy, hardened steel, nylon, or

ball bearing.  Provide two-position operators of the single direction,

spring return , or reversing typ e.  Provide prop ortioning ope rators capab le

of stopping at all points in the cycle and starting in either direction, from

any po int.  Provid e revers ing and  propor tioning o perator s with lim it

switc hes to li mit tra vel in e ither d irectio n unl ess op erator  is stall ty pe. 

Equip valve operators w ith a force limiting device such as spring yield so

that, when in a relaxed position, device shall maintain a pressure on

valve disc equ ivalent to system  pressure at va lve.  Provide reve rsible

shade d pole , split ca pacito r, sync hron ous, or s tepp ed typ e elec tric m otors. 
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D. Output Switches

1. Control Relays - Shall be double pole, double throw (DPDT), UL listed,

with contacts rated to the application, and enclosed in a dustproof

enclosure.  Equip with a light indicator which is lit when coil is energized

and is off when coil is not energized.  Relays shall be socket type, plug

into a fixed base, and be replaceable without need of tools or removing

wiring.

2.06 ELECTRICAL POWER AND DISTRIBUTION

Prov ide a so urce 1 20 volt s or less , 60 Hz , two-p ole, thr ee wi re wit h grou nd. 

Devices shall be UL listed or FM approved.

A. Transformers -  Transformers shall conform to UL 506.  Power digital

contr ollers o n the h ighes t level L AN f rom  dedic ated c ircuit b reake rs. 

Transformers for digital controllers serving terminal equipment on lower level

LANs shall be fed from the fan motor leads or fed from the nearest distribution

pane lboar d or m otor co ntrol c enter , using  circu its prov ided fo r the p urpo se. 

Provide a fuse cutout on the second ary side of the transformer.

B. Surge Protection -  Surge and transient protection consist of devices installed

externally to digital controllers.

1. Power Line Surge Protection -  Surge suppressors external to digital

controller, shall be installed on all incoming AC power.  Surge suppressor

shall be rated by UL 1449, and have clamping voltage ratings below the

following levels:

a. Norm al Mode (L ine to Neutra l): 350 volts

b. Comm on Mod e (Line to Grou nd): 350 volts

c. Telephone and Communication Line Surge Protection - Protected

from surges.  Metal oxide varistor (MOV) protection, rated for the

application, shall be installed at the equipment.  Additional

protection, gas tubes rated for the application, shall be installed

within 3 feet of the building cable entrance or within 3 feet of the

telephone company �s network interface.

C. Wiring -  Prov ide comp lete electric wirin g for DDC  system, includ ing wiring to

transformer primaries.  Control circuit conductors which run in the same

conduit as power circuit conductors shall have the same insulation level as

powe r circuit co nducto rs.  Circuits o peratin g at mo re than 1 00 volts sh all be in

accordan ce with Sec tion 16402,  �Interior Distribution Sy stem. �  Circuits

operatin g at 100 vo lts or less sha ll be defin ed as low  voltage a nd sha ll be run  in

rigid or flexible conduit, metallic tubing, metal raceways or w ire trays,

armored cable, or multiconductor cable.  Use multiconductor cable for

concealed accessible locations only.  Provide circuit and wiring protection as

required by NFPA 70.  Aluminum-sheathed cable or aluminum conduit may be

used bu t shall not b e buried  in conc rete.  Wirin g in HV AC ple num s shall be in

conduit.  Protect exposed wiring from abuse and damage.

1. AC Control Wiring -  Control wiring for 24 volt circuits shall be insulated

copper 18 AWG minimum and shall be rated for 300 VAC service.   Wiring

for 120 volt shall be 14 AWG minimum and shall be rated for 600 VAC

service.

2. Analog Signal Wiring -  Analog signal wiring for analog inputs and analog

outputs shall be  18 AWG  single or mu ltiple twisted pair.  E ach cable sh all
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be 100 percent shielded, and have 20 AWG drain wire.  Exception is direct

connect RTD  wiring which shall be single 18 A WG m inimum tw isted pair,

100 percent shielded, and with 20 AWG drain wire.  Each wire shall have

insulation rated to 300 VAC.  Cables shall have an overall aluminum-

polyester or tinned-copper (cable-shield tape), overall 20 AWG tinned

copp er cab le drai n wir e, and  overa ll cable  insula tion ra ted to 3 00 VA C. 

Install analog signal wiring in conduit separate from  AC powe r circuits.

2.07 FIRE PROTECTION DEVICES

A. Smok e Detec tors - Prov ide smo ke detec tors in retu rn and  main s upply  air

ducts on downstream side of filters in accordance with NFPA 90A, except as

otherwise indicated.  Provide UL listed or FM approved detectors for duct

installation.

B. Smoke Dampers and Combination Smoke/Fire Dampers - Smoke damper and

actuator assembly as required in accordance with NFPA 90A shall meet the

Class II leakage requirements of UL 555S.  Dampers shall be factory fabricated,

galvanized ste el or stainless steel w ith lubricated be aring, linkage, an d seals to

withstand temperatures from minus 20 to plus 250 degree F.  Provide seals that

can e asily b e repl aced .  Com binat ion sm oke/fire  dam pers s hall ha ve U L 1.5

hour rating aand shall be equipped with electric/thermal link which closes

damper at 165 degrees F and then automatically resets after normal

tempera ture is restored by  cycling dam per operato r.  Equip dam pers with

pneumatic or electric operators which close smoke dampers tightly when

activated.

2.08 INDICATORS

A. Ther mom eters  - P rovide  therm ome ters in  locatio ns as in dicate d. 

Thermometers shall have either 9 inch scales, or 3.5 inch dials and shall have

insertion, imm ersion or avera ging elem ents as indicate d.  Provide therm owells

for liquid sensing applications.  Select thermometer ranges so normal

temperatures are approxiamately equal to midpoint readings on the scale,

unless otherwise stated.

B. Pressure Gages  - Provide pre ssure gages as indicated.  Select gage range so

normal pressures are approxiamately equal to the midpoint readings on tthe

scale, unless otherwise specified.  Accuracy shall be plus or minus 2 percent of

the range.  Gages shall conform to ANSI/ASME B40.1.

1. Gage s indic ating p neum atic ou tputs s hall ha ve 2 in ch dia mete r faces . 

Scale shall be 0 to 30 psi, with 1 psi graduations.

2. Gages for low  differential pressu re measu remen ts shall be 4-1/2 (nom inal)

size with two sets of pressure taps, and shall have a diaphragm actuated

pointer, white dial with black figures, and pointer zero adjustment.  Gage

shall have ranges and graduations as shown.  Accuracy shall be plus or

minus 2 percent of scale range.

PART 3    EXECUTION

3.01 INSTALLATION
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Perform  installation und er supervision  of compe tent technician s regularly

employed in the installation of DD C systems.  Provide com ponents for a

complete and operational system.

A. Wiring  Criteria

1. Input/Output identification:   Permanently label each field wire, cable, or

pneumatic tube at each end with unique identification.

2. Rigid or flexible conduit shall be terminated at all sensors and output

devices.

3. Surge Protection:   Install surge protection no more than three feet from

where communication cable enters building.

4. Grou ndin g:   Gro und c ontro llers an d cab inets to  a good  earth g roun d. 

Ground controller to a ground in accordance with Section 16402,  �I nterior

Distribution System. �   Grounding of the green ac ground wire, at the

breaker panel, alone is not adequate.  Run metal conduit from controller

panels to adequate building grounds.  Ground sensor drain wire shields at

controller end.

5. Contractor is responsible for correcting all associated ground loop

problems.

B. Digital Controllers

1. Do not d ivide con trol of a sing le mec hanica l system  such as a n air

handling unit, boiler, chiller, or terminal equipment betw een two or more

controllers.  A single controller shall manage con trol functions for a

single mechanical system .  It is permissible, however, to manage mo re

than one mec hanical system with a single con troller.

2. Provide digital control cabinets that protect digital controller electronics

from dust, at locations shown on the dra wings.

3. Provide a main power switch at each highest level LAN digital controller

within con troller cabinet.

4. No multiplexing of points is allowed.

C. Temperature Sensors -  Provide temperature sensors in locations to sense the

appropriate condition.  Provide sensor where they are easy to access and

service without special tools.  Calibrate sensors to accuracy specified.  In no

case will sensors designed for one application be installed for another

application.

1. Duct Temp erature Sensors

a. Prov ide sen sors in  ductw ork in  gene ral loca tions a s indic ated. 

Select specific sensor location within duct to accurately sense

appro priate air  tempe ratures.  D o not loca te sensor s in dead  air

spaces or po sitions obstructed  by ducts or eq uipmen t.  Install

gaskets between the sensor housing and duct wall.  Seal duct and

insulation penetrations.

b. String duct averaging sensors between two rigid supports in a

serpentine  position to sense  average con ditions.  Therm ally isolate
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temperature sensing e lements from sup ports.  Provide duct access

doors to averaging sensors.

2. Immersion T emperature Sen sors - Provide thermowells for sensors

measurin g temper ature in liquid ap plications or pre ssure vessels.  Loc ate

wells to sense continuous flow conditions.  Do not install wells using

extension co uplings.  Wh ere piping d iameters are  smaller than  the length

of the wells, provide wells in piping at elbows to effect proper flow  across

entire area of well.  Wells shall not restrict flow area to less than 70

percen t of pipe ar ea.  Increa se pipin g size as req uired to a void

restriction.  Provide thermowells with thermal transmission material

within  the w ell to sp eed th e resp onse o f temp eratu re me asure men t. 

Provide wells with sealing nuts to contain the thermal transmission

material.

3. Outside Air Tem perature Sensors -  Provide outside air temp erature

sensors  on north  side of the b uilding, aw ay from  exhaus t hoods, air

intakes and other areas that may affect temperature readings.  Provide

sunshields to p rotect outside air sen sor from direc t sunlight.

D. Damper Actuators -   Actuators shall not be mounted in the air stream.

E. Thermometers  - Provide thermometers at locations indicated.  Mount

thermome ters to allow readability when standing on  the floor.

1. Pressu re Sens ors  -  

a. Differential Pressure

1) General - Install pressure sensing tips in locations to sense

appropriate pressure con ditions.

2) Duct S tatic Pres sure Sen sing - Loc ate duct  static pres sure tip

approxiamately two-thirds of distance from supply fan to end

of duct with the greatest pressure drop.

3) Pump ing Proof w ith Differential Pre ssure Switch es - Install

high pressure side between pump discharge and check valve.

F. Control Drawings -  Post laminated copies of as-built control system drawings

in each mechanical room.   Provide six (6) sets of as-built drawings to the

activity.

3.02 ADJUSTMENTS -  Calibrate instrumentation and controls and verify the

spec ified ac curac y usin g test eq uipm ent w ith a tes t equip men t accu racy. 

Adjust controls and equipm ent to maintain conditions indicated, to perform

functions indicated, and to operate in the sequence specified.

3.03 FIELD QUALITY CONTROL

A. General

1. Demonstrate compliance of the heating, ventilation, and air conditioning

control system  with the con tract docum ents. Furnish  personne l,

equipmen t, instrumentation, and supplies necessary to pe rform

calibration and site testing.  Ensure that tests are performed by

competent employees of the DDC system installer or the DDC system

manufacturer regularly employed in the testing and calibration of DDC

systems.
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2. Testin g will in clude  the field  tests an d the p erform ance  verific ation te sts. 

Field tests shall demonstrate proper calibration of input and output

devices, and the operation of specific equipment.  Performance

verification test shall ensure proper execution of the sequence of

operation and prope r tuning of control loops.

3. Obtain approval of the plan for each phase of testing before beginning

that phase of testing.  Give to the Engineer written notification of planned

testing at least 45 days prior to test.  Notification shall be accompanied by

the proposed test procedures.  In no case will the Contractor be allowed

to start testing without written State approval of test procedures.  The test

procedur es shall consist of deta iled instructions for c omplete tes ting to

prove performance of the heating, ventilating and air conditioning system

and d igital co ntrol s ystem . 

4. Before scheduling the pe rformance verification test, furnish the field test

documentation and written certification to the Contracting Officer that

the installed system has been calibrated, tested, and is ready for the

performance verification test.  Do not start the performance verification

test prior to receivin g written pe rmission from  the Govern ment.

3.04 TRAINING

A. The controls contractor shall provide the following  training services:

1. One (1) day o f on-site orientation b y a field engine er who is fully

know ledgeab le of the sp ecific insta llation de tails of the p roject.  Th is

orientation sha ll, at a minimu m, consist of a rev iew of the pro ject as-built

drawings, the control system software layout and naming conventions, and

a walk through of the facility to identify panel and device locations.

2. General:   Provide training course schedule, syllabus, and training

materials 45 days prior to the start of training.  Conduct training courses

for designated personnel in the maintenance and operation of the HVAC

and DDC system.  Orient training to the specific system being installed

under this contract.  Use operation and maintenance manual as the

primary  instructional aid.  O perational an d mainten ance m anuals shall

be provided for each trainee with four additional sets, two sets delivered

for archiving at the project site, one set for the mechanical contractor,

and one set for the design engineer.  Training manuals shall include an

agenda, defined objectives and a detailed description of the subject

matter for each lesson.  Furnish audio-visual equipment and all other

training materials and supplies.  A training day is defined as 8 hours of

classroom or lab instruction, including two 15 minute breaks and

exclud ing lunc h time, M onday  thru Fr iday, dur ing the d aytime  shift in

effect at the training  facility.  For guidan ce, assume  the attendees  will

have a high school education and are familiar with HVAC systems.  The

minimum  amount of training for this project shall be 24 hours.

3. Operator Training:   Operator training shall include the detailed review

of the control installation drawings, points list, and equipment list.  The

instructor shall then walk through the building identifying the location of

the control devices installed.  For each type of systems, the instructor

shall demonstrate how the system accomplishes the sequence of

operation.
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4. From the w orkstation, the operator shall demonstrate the software

features of the system.  As a minimum, the operator demonstrate and

explain logging on, setting passwords, setting up a schedule, trend, point

history, alarm, and archiving the database.

5. Maintenance Training:   The system maintenance course shall be taught

at the project site within one month after the com pletion of the operators

training.  The course shall last for one 8 hour training day.  The cou rse

shall include a nswerin g questions from  the last training sessio n, trouble

shooting and diagnostics, repair, instructions, preventive maintenance

procedures and sch edules, and calibration procedures.

3.05 SEQUENCE  OF OPERA TION  -  Sequence of operations shall be as indicated.

3.06 COMM ISSIONING  -  The Comm issioning Agent shall be responsible for

commissioning the DDC system as specified in the commissioning sections of

the specification.

3.07 WORKSTA TION AND LAP TOP  -  Computers shall be provided upon project

completion.

3.08 SYSTEMS INTEGRATION/DDC SPECIFIC REQUIREMENTS

A. DDC R emote A ccess -  The D irect Digital Con trol (DDC) system  provided sh all

include the c apability for m ultiple users to acc ess the DD C simultan eously

from remote locations.  Interface shall be to the entire DDC and provide the

capability to monitor all I/O and adjust param eters.

B. Open Systems Integrator

SPECIFIER  �S NOTE: For CE NTRAL C HILLER SY STEMS, the following shall be added

to SECT ION 1560 1 CEN TRAL  REFR IGER ATION  EQUIP MEN T FOR  AIR

CON DITI ONI NG:  

CHILL ER TR ANSL ATOR /BACne t:

As part of the Chiller Control package provided with the Chiller by the Chiller

Manufacturer, provide a communications system that will allow a BACnet-based

Direct Digital Control (DDC) system  to access each Chiller �s Microprocessor/Control

Panel �s vast arrray of point information (such as pressures, temperatures, status,

runt imes , suction , Amp s, KW , and ot hers) , withou t insta lling an y dup licate se nsors .  

The BACnet Chiller translator will communicate to the DDC system bi-directionally,

utilizing standard ASHRAE BACnet Protocol, and will allow full Monitoring and

Reset control of the Chillers by the BACnet DDC system.

The Chiller Manufacturer is to provide all as necessary to accomplish this Chiller

interface, such as complete list of all available Chiller Points, all BACnet Protocol

Imp leme ntatio n Con forma nce S tatem ents (P ICS) fi les, any  neces sary S oftwar e, all

necessary Passwords, Labor as needed, aand all interface Hardware as necessary

for complete and operational connection to the BACnet DDC System.

  

1. Chiller Integrator Interface:
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a. The BAS system shall include appropriate hardware equipment and

software to allow two way data communications between the BAS

system an d the chiller m anufacture r �s chiller control p anel.

b. It shall be the resp onsibility of the BA S Contracto r to coordinate

with the chiller m anufacture r to provide a fun ctional data

communications connection.

c. All data supported by the chiller communication protocol shall be

mapped into the supervisory DDC controller �s database and shall be

displayed on a chiller data screen at the Operator Workstation and

shall be transparent to the operator.

d. The BAS Contractor shall furnish either the OSP or BACnet

commu nications interface as required by the chiller ma nufacturer.

e. The BAS Contractor shall provide all communications and power

wiring and gateway panel installation for the DDC system.  The

chiller manufacturer shall provide all hardware for connection of

the manufacturer �s processor.

f. The BAS  Contractor shall provide all hardware a nd software

required for the chiller manufacturer �s gateway interface.

2. VFD Integrator Interface

a. The BAS system shall include appropriate hardware equipment and

software to allow two way data communications between the BAS

system an d the VF D man ufacturer �s control pan el.

b. It shall be the resp onsibility of the BA S Contracto r to coordinate

with the VF D man ufacturer to pro vide a function al data

communications connection.

c. All data supported by the VFD communication protocol shall be

mapped into the supervisory DDC controller �s database and shall be

displayed on data screens at the Operator Workstation and shall be

transparen t to the Opera tor Workstation  and shall be tra nsparen t to

the operator.

d. The BAS Contractor shall furnish either the OSP or BACnet

commu nications interface as required by the VF D manu facturer.

e. The BAS Contractor shall provide all communications and power

wiring and gateway panel installation for the DDC system.  The VFD

manufacturer shall provide all hardware for connection of the

manufacturer �s processor.

f. The BAS  Contractor shall provide all hardware a nd software

required for the VFD manufacturer �s gateway interface.

3. Boiler Integrator Interface

a. The BAS system shall include appropriate hardware equipment and

software to allow two way data communications between the BAS

system an d the Boiler m anufacture r �s control pan el.

b. It shall be the resp onsibility of the BA S Contracto r to coordinate

with the B oiler manu facturer to prov ide a functiona l data

communications connection.

c. All data supported by the boiler communication protocol shall be

mapped into the supervisory DDC controller �s database and shall be

displayed on data screens at the Operator Workstation and shall be

transparent to the operator.

d. The BAS Contractor shall furnish either the OSP or BACnet

commu nications interface as required by the Boiler m anufacturer.
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e. The BAS Contractor shall provide all communications and power

wiring and gateway panel installation for the DDC system.  The

Boiler manufacturer shall provide all hardware for connection of

the manufacturer �s processor.

f. The BAS  Contractor shall provide all hardware a nd software

required for the Boiler manufacturer �s gateway interface.

SPECIFIER �S NOTE: the Consultant Shall Create a  �Po ints List �  on the Drawings and

Coord inate t he Po ints L ist wit h Eac h Affect ed M echan ical Eq uipm ent. 

END OF SECTION


